BENCHMARKS
The lacZ reporter gene from Escherichi coli has become a standard tool for following localized transgene expression in many organisms, including mammalian cells and transgenic animals. Detection of the encoded β-galactosidase activity is achieved either by direct enzymatic assay using fluorogenic or chromogenic substrates or by visualization in situ using the chromogenic substrate 5-bromo-4-chloro-3-indolyl-β-dgalactopyranoside (X-gal). Because it forms an insoluable blue precipitate upon hydrolysis by β-galactosidase, X-gal permits in situ detection of lacZ transgene-expressing cells in culture and facilitates spatial determination of reporter gene expression in transgenic animals.
Arabinofuranosidases have become of increasing practical interest in biotechnology (1) . The abfA gene of Streptomyces lividans (2) encodes an α-L-arabinofuranosidase that hydolyzes terminal nonreducing α-L-1,2-and α-L-1,3-arabinofuranosyl residues from arabinans, arabinoxylans, and arabinogalactans, substrates predominantly produced in plants. As for lacZ, abfA gene activity can be assayed fluorescently using a methylumbelliferyl-sugar conjugate (3) . Neither the α-L-arabinofuranosidase enzyme nor its substrates are naturally present in mammalian cells (4) , suggesting that abfA would be a good reporter gene in mammalian cells. Here we present its use to histochemically detect transgene expression in mammalian cells. Previously we described synthesis of a novel substrate for α-L-arabinofuranosidase: 5-bromo-3-indolyl-α-L-arabinofuranoside (Z-ara) to detect AbfA activity in E. coli (3) . Like X-gal, Z-ara forms an insoluable blue precipitate upon hydrolysis. E.coli expressing abfA are thus dark blue on Z-ara, but show no color change on X-gal. Conversely, E. coli expressing lacZ remain colorless on Z-ara. Alternative β-galactosidase substrates to X-gal, 6-chloro-3-indolyl-β-d-galactopyranoside (Red-gal; Research Organics, Cleveland, OH, USA) and 5-bromo-6-chloro-3-indolyl-β-d-galactopyranoside (Magenta-gal; BioSynth AG, Staad, Switzerland), color LacZ+ colonies red instead of blue and thus are easily distinguishable from Z-ara positive colonies.
To express α-L-arabinofuranosidase in mammalian cells, we placed the S. lividans abfA gene under the control of the strong human cytomegalovirus (CMV) major immediate early promoter by cloning the gene into pcDNA3 (Invitrogen, La Jolla, CA, USA) to give CMV-abfA ( Figure 1 ). NIH 3T3 cells transfected with CMV-abfA were fixed with 2% formaldehyde, 0.2% glutaraldehyde for 5 min and then processed for histochemical detection of abfA expression using a standard protocol for lacZ detection (5), but substituting Z-ara (0.02%) for X-gal. Figure 2A shows a representative field of cells from such an experiment with abfA-expressing cells stained blue and nontransfected cells stained white. Blue staining is predominantly cytoplasmic since α-Larabinofuranosidase is a hexamer of 60 kDa subunits and thus too large to efficiently enter the nucleus without a nuclear localization signal (6) . No blue staining was observed when X-gal (U.S. Biological, Swampscott, MA, USA) was substituted for Z-ara in the staining procedure (data not shown). One characteristic of Z-ara not found with X-gal is that the 5-bromo-3-indoloxyl-derived final product has birefringent properties. Figure 2B shows that under polarized light, Z-ara stained AbfA+ cells exhibit a distinct yellow birefringence. Even light blue cells were easily detected under polarized light, although intensely stained blue regions appeared opaque to detection by birefringence. We note that Bluo-Gal, an alternative to X-gal for detection of lacZ, has the same substituted indole moiety as Z-ara and also produces a birefringent product (7) .
To determine whether α-L-arabinofuranosidase and β-galactosidase could be detected in the same cell, we cotransfected NIH 3T3 cells with CMV-abfA and with proBGN (8) . Thus, two distinct reporter genes, lacZ and abfA, were histochemically detected and distinguished in the same mammalian cell at the same time using the same chemistry and visualization procedure.
The abfA gene and its use with the Z-ara substrate provide an additional histochemical detection system to the molecular toolbox for monitoring expression of a transgene in mammalian systems. The lack of an endogenous α-L-arabinofuranosidase activity in mammalian cells simplifies detection of abfA expression by obviating the need for pretreatment of cells to eliminate background activity, as for alkaline phosphatase (9) , or at a carefully buffered pH as for β-galactosidase (10). The compatibility of α-L-arabinofuranosidase with β-galactosidase allows abfA use with a lacZ reporter gene to monitor two separate patterns of gene expression in mammalian cells. This may be particularly useful in monitoring binary strategies for effecting gene expression in transgenic mice, such as the tetracycline system (11) and the site-specific recombinases used for conditional gene ablation or activation (12) . Moreover, in those mammalian cells having a high level of endogenous β-galactosidase activity (7), abfA may also prove useful for monitoring gene expression. 
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